Craniopharyngioma (CP) is one of the most commonly calcified tumors of the central nervous system. The calcification patterns vary from solid lumps to popcorn-like foci or less commonly to an eggshell pattern lining the cyst wall.^[@R1]--[@R3]^ However, the molecular mechanisms that result in calcification of CP are unclear.^[@R4],[@R5]^

The element composition and microstructure of a certain substance determines the physicochemical macroscopic properties of the substance, including shape, texture, hardness, solubility, melting point, etc. So it is conferred that different types of calcification will exhibit a wide diversity in texture, appearance, radiologic findings, and clinical features, which is probably caused by the difference in the microcosmic composition.^[@R6]--[@R9]^

In this study, we used X-ray diffraction analysis and energy-dispersive X-ray spectroscopy analysis techniques to perform an exploratory study on the element composition and phases of calcification in craniopharyngiomas to understand fully the nature of calcification in craniopharyngiomas at the micro level. Based on test data analysis, specimens of different extents of calcification were compared between groups to explain the features of calcification in craniopharyngiomas and make some preliminary discussion on the possible formation mechanism and some new ideas about the treatment of calcification in craniopharyngiomas.

METHODS
=======

Surgical calcified specimens from 50 patients with CP were retrieved from the archives of the Department of Neurosurgery at the Nangfang Hospital, Southern Medical University, from January 2008 to March 2012. This group included 29 males ranging in age from 3 to 66 years (mean, 21.3 ± 3.1) and 21 females ranging in age from 3 to 55 years (mean, 24.0 ± 3.4). Fresh specimens were obtained immediately following surgical resection in all patients. The powdered samples from calcified specimens were not less than 0.15 mL to satisfy the minimum requirements for testing instruments.

In all patients, axial noncontrast and contrast-enhanced computed tomographic scans with a section thickness varying from 2 to 4 mm were obtained. Additionally, the clinical recording of the CP was obtained in all of the patients.

Calcification in craniopharyngiomas was graded into 3 categories according to the size on computed tomographic images (grade 1 = sandlike or scattered, punctate calcification \[+\]; grade 2 = eggshell calcification \[++\]; grade 3 = massive calcification with a diameter greater than 5 mm \[+++\]) (Fig. [1](#F1){ref-type="fig"}).

![Computed tomography scan show calcification in craniopharyngiomas. (A) Cystic CP with solid lump calcification (+). (B) Cystic CP with calcium in the cyst wall as eggshell pattern (++). (C) Intrasellar and suprasellar tumor with popcorn-like foci (+++). CP. craniopharyngioma.](jcrsu-27-e409-g001){#F1}

SPECIMEN PROCESSING
===================

Specimens were obtained fresh from the operating room and calcifications were isolated immediately under the operating microscope. Blood and craniopharyngioma cyst fluid were washed with double-distilled water. The specimens were soaked in distilled water for 72 hours, so that small amounts of tissue attached to the calcifications would naturally decay and fall off. After immersion, the specimens were taken out and thoroughly washed with double-distilled water, and then air dried for 24 hours. Based on the requirements for X-ray crystallographic powder diffraction, the specimens were ground to a fine powder in an agate mortar. The required particle size of the samples was approximately 10 μm with a smooth feel like flour. The ground specimens were placed in a glass desiccator at room temperature overnight and the samples were fully dried, then examined. Frozen specimens were thawed at room temperature. The following specimen processing methods were the same as those of the fresh specimens.

DETECTION METHODS AND INDEXES
=============================

X-Ray Diffraction Analysis
--------------------------

Samples were evenly spread over a monocrystalline silicon wafer and mounted on the sample platform of a D8 Advance X-ray diffractometer. Combinations of the following working parameters were analyzed: start angle 8.000°, stop angle 60.000°, with a scanning step of 0.020° at a generator voltage of 40 kV and generator current of 40 mA. A Bruker automatic powder X-ray diffractometer (D8 Advance) was used to record diffraction patterns. The powder diffraction pattern was obtained using TOPAS software suites. The diffraction peak was measured manually and marked. By using the software, the relevant parameter *d* value (the interplanar spacing of crystal plane) could be automatically calculated. Based on the known parameters grazing angle θ (the grazing angle of the incident X-ray and reflection of the crystal plane, shown in Fig. [2](#F2){ref-type="fig"}), the wavelength λ (the wavelength of the incident X-ray), and calculated *d* value, retrieval was carried out in the powder diffraction card (PDF card) to determine the crystal phase composition.

![Schematic diagram of crystal diffraction.](jcrsu-27-e409-g002){#F2}

X-Ray Energy-Dispersive Spectroscopy Analysis
---------------------------------------------

Energy disperse spectroscopy worked combined with scanning electron microscopy. Samples were bombarded with electrons generated by scanning electron microscopy. The calcification samples obtained via X-ray diffraction analysis were recovered and placed onto the stage of a scanning electron microscope. Samples were spread evenly and fixed with special glue, then put into the sample compartment of scanning electron microscope. For the small sample amount, samples were not treated by spray-gold but admitted directly to the low vacuum for detection. The parameters of scanning electron microscope were set as follows: 500 k × magnification with a 20 kV operating voltage. The X-Flash detector of the spectrometer was set and K transition photon was selected. Electro beam scanning was performed at regions with evenly distributed samples at ×500 magnification and detector received transition photon. Data analysis and processing were done by its own quantitative analysis software without standards. The results obtained were element species and their percentage in the sample.

Statistical Analysis
--------------------

Data were expressed as mean ± standard deviation and analyzed by statistical software SPSS13.0. One-way analysis of variance was applied in the percentage composition of calcium, phosphorus, and carbon among groups of differing degrees of calcification. Bivariate correlation analysis was used to analyze the relationship between percentage composition of elements, percentage composition of elements, and differing degrees of calcification. A one-sample *t* test was used to compare the actual calcium/phosphorus ratio with the theoretical values. All tests of statistical significance were two-tailed; alpha was set at 0.05. A *P* value of 0.05 was considered statistically significant.

RESULTS
=======

Analysis Results of X-Ray Diffraction
-------------------------------------

Of the 50 calcified specimens, the crystalline material was hydroxyapatite with the chemical formula Ca10 (PO4)6(OH)2 and the molecular weight of 1 004. No samples were pure hydroxyapatite crystals and they were mixed with amorphous material to varying degrees. The X-ray diffraction chart of the sample was displayed that when the value of 2θ ranged from 32.97° to 33.09°, there was a corresponding extremely sharp diffraction peak that was the characteristic diffraction peak of monocrystalline silicon (used as diffraction background or positive control). The remaining diffraction peaks marked were identified the diffraction peaks of hydroxyapatite after software analysis (Fig. [3](#F3){ref-type="fig"}).

![Diffraction of different degree calcification samples: (A) (+); (B) (++); (C) (+++) → show the characteristic diffraction peaks of monocrystalline silicon back, **↓**shows the diffraction peaks of hydroxyapatite.](jcrsu-27-e409-g003){#F3}

Analysis Results of X-Ray Energy-Dispersive Spectroscopy
--------------------------------------------------------

The element contents of all calcified specimens were calcium, phosphorus, carbon, and oxygen as well as a small amount of sodium and magnesium. Some specimens contained a trace of 1 or several sorts of potassium, chlorine, aluminum, silicon, ferrum and sulfur (with percentage composition less than 0.5%). A trace of chromium was measured in 2 calcified specimens. The percentage content of calcium, phosphorus, and carbon in grade 1, grade 2, and grade 3 existed significant differences (*P* \< 0.05) (Fig. [4](#F4){ref-type="fig"}).

![A comparison between different levels of calcium and phosphorus and carbon content of calcification. *P* \< 0.05.](jcrsu-27-e409-g004){#F4}

The element content of calcium and phosphorus had a positive correlation with the extent of calcification (*r*p = 0.745 and 0.778, respectively, *P* \< 0.01), while the element content of carbon had a negative correlation with the extent of calcification (*r*p = −0.526, *P* \<0.01). The element content of calcium had a positive correlation with that of the phosphorus (*r*p = 0.938, *P* \<0.001), while the element content of calcium and phosphorus had a negative correlation with that of the carbon (*r*p = −0.844 and −0.786, respectively, *P* \< 0.01) (Fig. [5](#F5){ref-type="fig"}).

![Scatter diagram shows relationship between calcium, phosphorus, carbon. (A) The element content of calcium had a positive correlation with that of the phosphorus. (B) The element content of carbon had a negative correlation with the extent of calcification. (C) The element content of calcium and phosphorus had a negative correlation with that of the carbon.](jcrsu-27-e409-g005){#F5}

DISCUSSION
==========

Clinical observations showed that grade 1 calcification was soft or loose in texture, gray in color and rarely, or to a lesser extent adhered to the adjacent organs such as hypothalamus, mammillary bodies. However, grade 3 calcification was hard, white in color, some even with a metallic luster, adhered more closely to the adjacent organs. So we believe that it is easier to dissect grade 1 and grade 2 calcifications than grade 3 calcification intraoperatively and sometimes part of the residual mass remained.

The texture, shape, imaging findings, and even clinical manifestations of calcification in craniopharyngiomas are not the same, indicating that there are differences among different grades of calcification. The element composition and microstructure of a certain substance determine the physicochemical macroscopic properties of the substance. Therefore, we believe that there exist differences in the microcosmic composition of different grades of calcification. We used X-ray diffraction analysis and energy-dispersive X-ray spectroscopy analysis techniques to perform a microanalysis for different grades calcification to understand their differences at the micro level. Diffraction from crystalline materials follows Bragg law: 2*d* sinθ = *n*λ.^[@R10],[@R11]^

When the interplanar crystal spacing *d* is known, according to Bragg law, diffraction can be generated only in X-ray incidence angle θ to the crystal surface (see Fig. [2](#F2){ref-type="fig"}). Therefore, the chart of X-ray diffraction patterns strictly corresponds to the crystal structure and the characteristic diffraction patterns of each crystal will not change with the mixture of different crystal materials. Based on this feature, powder diffraction of polycrystalline materials can identify different crystal components, which requires a sufficiently large number of small grains.^[@R3]^ There are certain requirements for the amount of powder sample (The experimental equipment used in this study requires not less than 0.15 mL of sample amount). With large size of grade 3 calcified plaque, it can provide sufficient sample size, while it is more difficult to collect enough sample size of grade 1 calcified plaque because of its small size and scattered distribution. So radical resection should be advocated for craniopharyngiomas.^[@R12]--[@R14]^ The majority of craniopharyngiomas can be completely removed, thus ensuring grade 1 calcified plaque for a sufficient sample size, to meet the equipment requirements.

The study also found that the baselines of the X-ray diffraction diagram taken from all samples increased by varying degrees and were jagged in shape, which were significantly different from those of the diffraction diagram from pure crystal component. The elevated baselines represented the amount of amorphous materials the sample contained. Generally speaking, the higher the baseline sample was, the lower the degree of crystallinity and the higher the content of amorphous materials would be. In addition, the diffraction peak of hydroxyapatite in specimens tended to become broad to various degrees. According to the principle of crystal diffraction,^[@R7]^ it could be speculated that there existed lattice distortions in hydroxyapatite specimen, which meant that symmetric spatial structure under an ideal state lost in some crystal cells. The higher the proportion of the distorted crystal cells, the lower the crystallinity of the crystal. Energy spectrum analysis in this study showed that the calcified plaques in craniopharyngiomas mainly contain 4 elements (calcium, phosphorus, carbon, and oxygen), which is in accordance with Azari results.^[@R14]^ It was assumed that calcified plaques only contained hydroxyapatite crystal composition, so the element species in the sample should only be calcium, phosphorus, oxygen, and hydrogen (for hydrogen atom mass was too light to detect with energy spectrometer currently) without carbon. Even there was a small amount of carbon-containing compound contaminated, the percentage content of carbon was rather low. The theoretical value was calculated in accordance with the molecular formula and molecular weight of hydroxyapatite with percentage content of calcium and phosphorus and calcium/phosphorus ratio 39.8%, 18.5%, and 2.15, respectively. The percentage content of carbon in the study was second only to that of oxygen and calcium with an average percentage of (12.79 ± 3.76)%, which could not be explained by contamination. The percentage content of the corresponding calcium and phosphorus was lower than the theoretical value.

Combined with X-ray diffraction analysis, we believe that carbon originated from amorphous material in the specimens. In this study, the actual measured calcium/phosphorus ratio was 2.60 ± 0.21, which was significantly different (1-sample *t* test, *P* \< 0.001) compared with the theoretical value (2.15). The results suggested that the phosphorus content of all samples was less than the theoretical content required for the formation of hydroxyapatite crystals, which probably because of phosphate deficiency or the replacement of phosphate by other atoms or atomic groups during the growth process of hydroxyapatite crystal. One of the results was lattice distortion, thus leading to decreased crystallinity.

In conclusion, the calcification in craniopharyngiomas was different at microlevel (including the element composition and microstructure) according to the calcification grade. The element content of calcium, phosphorus, and carbon influences the degree of calcification. Samples with high calcium and phosphorus content and low carbon content have high degree of calcification. And samples with low calcium and phosphorus content and high carbon content have low degree of calcification. It has been reported that the formation of hydroxyapatite would be significantly affected when the ion concentration changed.^[@R6]^ So we speculate that if the ionic microenvironment of calcified plaque in craniopharyngiomas is changed, the degree of calcification will decrease. If the above goal is achieved, it can reduce the degree of difficulty in surgery of grade 3 calcified craniopharyngiomas as well as the risk of injury to adjacent organs.
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